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1.0 INTRODUCTION 

A persistent problem faced by practitioners of thermal vacuum testing of 
satellites and space vehicles arises from the appearance of electrical corona 
phenomena during the course of a test run. When powered electrical equipment is 
part of the test configuration, corona discharges are likely to occur as the 
pressure is varied or when voltages are altered in the test article. Frequently, 
corona processes will be activated during pumpdown when favorable conditions of 
pressure and voltage are established. The corona "turn on" at one pressure only 
to cease as the pressure falls in the chamber. Usually, it is possible to identify 
a potential source of corona discharge on a test article prior to actual thermal 
vacuum testing. For example, a microwave antenna, a vidi con-type television 
camera, a photomultiplier detector or a high voltage (several kV) power supply 
are obvious potential sources of corona if they are operated during a pump 
down procedure. Such equipment usually is specifically tested for corona prior 
to incorporation into satellite systems and appropriate measures devised (e.g. 
potting, heremetic enclosing) to prevent the occurrence of corona. 

The corona problem arises when unexpected corona processes are revealed during 
a thermal vacuum test. The first indication of possible corona problems usually 
arises from observations of unexpected fluctuations in the normal electrical 
operating parameters of a specific satellite subsystem. Careful trouble-shooting 
procedures applied to the electrical systems often can successfully isolate the 
source of the corona and thus reveal design faults in a specific satellite 
subsystem. 

Other instances of corona are extremely difficult to identify. For instance, 
a common problem arises when breaks occur in the insulation of wires and coaxial 
cables. Corona processes due to these faults are difficult to isolate, especially 
when large runs of cable are involved. In such cases, it is prudent to inquire 
as to the possibility of using some property of the corona process itself as a 
means of isolating the source of the corona. Attempts in this direction have 
included methods based on electromagnetic (radio and microwave) emissions, 
acoustic emissions and visible light emissions. The thrust of this program is 
to extend this inquiry to include methods of corona detection based on the emission 
of ultraviolet (UV) light. 
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It is well known that electrical discharge phenomena, of which corona is 
only one of numerous types of discharge, emit UV light. The common fluorescent 
lamp and the high power mercury and xenon arc lights are common examples of 
light sources which produce UV emission via electrical discharges. It is appro- 
priate, at this point to consider the rich variety of emission modes exhibited 
by electrical discharges in a gas. Figure 1-1 shows the voltage-current characteristics 
of an electrical discharge for a parallel-plate electrode configuration together 
with an identification of the numerous regimes of electrical discharge phenomena. 

This type of curve is typical of discharges in a uniform electric field, such as 
that provided by the parallel plate electrode geometry. The corona is characterized 
by currents in the range 10" to 10" amps and is a sel f-sustained-type of dis- 
charge, i.e., it is independent of an external ionizing source. This is in 
contrast to regions A, B and C in which the current falls to zero as soon as 
the external ionizing source is removed. If the series resistance is sufficiently 
low, corona processes may not be observed at all. Rather, the discharge becomes 
an abnormal glow if the power supply can produce currents on the order of 10 
to 10'^ amps. The current increases with increasing voltage in the abnormal 
glow region until a transition to an ^discharge occurs. This high energy 
discharge process shows a strong negative resistance cha*'acteristic (current 
increases with decreasing voltage). 

The parallel plate electrode geometry, while useful for elucidating the 
various types of gaseous discharge phenomena, is not a particularly good model 
for typical corona processes, which are characterized by extremely non-uniform 
electrical fields. In fact, many corona phenomena arise in the vicinity of 
pointed electrodes, for instance, on sharp edges or points where high localized 
electric fields occur. The first task in this study, therefore, is to simulate 
actual corona discharge phenomena (nonuniform electric field) and to measure the 
UV emission spectra characteristic of such corona. Section 2 contains background 
material leading to the design of the corona simulator used in this study. 

The equipment employed to measure the UV corona emission spectra in an NBS- 
traceable manner is described in Section 3. Presentation of tne spectral 
data and of data analysis is contained in Section 4. 

The second task in this study involves an analysis of candidate optical 
designs which conceiveably can function as in-situ corona detection systems. 
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FIGURE 1-1 VOLTAGE-CURRENT CHARACTERISTICS - 

PARALLEL PLATE DISCHARGE .. ee 

The spectral UV emission data are used as representative inputs to such a system 
typical of real-life corona processes. Several breadboard UV detection systems 
were evaluated in the course of the spectral data acquistion phase of this study. 
The performance of these systems is detailed in Section 5. Other candidate 

detection systems were evaluated on paper, since it was not possible, within 
the time and budgetary constraints of this study, to assemble these systems into 
breadboards for evaluation during the spectral emission testing phase. Details 
of this system analysis are contained in Section 5. 

The results of this study are presented in the form of conclusions and 
recommendations in Section 6. The most promising candidate UV corona section 
systems, in terms of both technical feasibility and cost, are identified. 

The RFP-SOW requires that McDonnell Aircraft (MCAIR) quots a pric*' for 
six (6) copies of one of the candidate UV corona detection system types identified 
in this study. This quotation has been forwarded tc the NASA-JSC Contracting 
Officer under separate cover (MCAIR Report MDC A4176, 17 May 1976). 
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This Study was managed and conducted by personnel of the MCAIR Applied 
Optics Laboratory (AOL), located in St. Louis, Missouri. The study commenced 
in July 1975 and was completed in December 1975. 
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2.0 BACKGROUN D 

An impetus for this study arose due to the lack of data on the UV emission 
spectrum of corona processes in the literature. In spite of an enormous literature 
on almost every conceiveable aspect of electrical discharge phenomena, it appears 
that little work has been devoted exclusively to the study of the absolute UV 
spectral intensity characteristics of corona processes. Loeb, in his encyclopedic 
work on electrical coronas^^^, summerizes the spectra studies of corona phenomena 
performed up to 1965. A number of photographic studies have been reported for 
pulsed corona processes, but without yielding much spectral resolution or absolute 
intensity data. Loeb describes a study of time-resolved pulsed corona and spark 
spectra obtained by liyer and Davis in 1962. Photographic plates were used to 
obtain spectral data from 200 nm to 550 nm. The band spectra characteristic of 
the second positive group of were observed, but no absolute intensity data 
were obtained. The spark spectra showed lines characteristic of nitrogen and 
oxygen 

( 2 ) 

Grum and Costa' ' studied high resolution spectra of corona discharges in 

air, nitrogen and helium. The corona were generated via a test coil operating 

2 2 

at 20kV at a pressure of 1 Ib/in (0.062kgm/cm 52 torr). The wavelengths and 

the relative intensities of the main lines in the corona emission spectra were 
reported in the 200 nm to 900 nm waveband. Absolute spectra intensity data were 
not obtained. 

The literature search revealed no spectral intensity information which could 
be applied to the present study. Consequently, a series of tasks were accomplished 
to supply the necessary data upon which to base an assessment of candidate corona 
detection systems operating via the UV corona emissions. 

2.1 TASK 1 - DESIGN OF THE CORONA SIMULATOR . A means f-/ obtaining reproducible 
corona discharges is the first requirement. In addition, the aimulator is required 
to produce corona which are representative of actual corona discharges likely 

to be encountered in thermal vacuum testing. The licerature search revealed many 
electrode configurations which have been used in the study of corona emission 
phenomena. These include parallel plates, coaxial cylinders, spherical electrodes, 
and point-to-plane electrodes. The parallel plate geometry produces a uniform 
electric field for which both analytical and experimental approaches have been 
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successful in establishing a model of the corona discharge processes in this 
geometry. In general, actual corona processes are most likely to occur tor 
geometries in which the electric field is highly non-uni fo*-m. The uniform field 
is characterized by a rapid transition to a high energy plasma channel (arc) 
once detectable ionization has occurred. Conversely, in the nonuniform electric 
field, numerous manifestations of locally confinsJ ionization and excitation 
processes (coronas, glass) can be observed and measured long before an arc 
breakdown occurs. 

The fa'^t that coronas are most frequently observed in nonuniform electric 
fields weighs heavily on the choice of electrode geometry. The coaxial cylinder, 
double spherical and point-to-plane geometries ail yield nonuniform electric 
fields. However, in the first two geometries, both electrodes play important 
roles in determining the characteristics of the corona discharge process. The 
complexity introduced by two participating electrodes quickly led investigators 
to the point-to-plane geometry, because in this instance, only the pointed 
electrode has decisive influence on the corona processes. The plane electrode, 
if sufficiently large, functions as an effective infinite plane conductor (an 
infinite "ground" plane) and is essentially passive. A great number of studies 
have been conducted with a quasi -pointed electrode consisting of a cylindrical 
rod with a hemi'-pherical tip. Thus, the hemispherical "point"-to-p1ane geometry 
has become an effectively "standard" electrode geometry for studying corona processes. 
Loeb^^^ and Nasser^^^ present detailed discussions of the vast literature which 
\-iS accumulated from studies of corona processes in the standard geometry. 

An important paper on the point-to-plane corona in dry air by H. W. Bandel 
appeai^ed in 1951^^^. Although spectral emission data were not obtained by Bandel, 
he did provide comprehensive data on the uC current-voltage (I-V) characteristics 
of the point-to-plane corona. These results are useful in the present study since 
Bandel related the various electrical disenarge phenomena of the standard geometry 
to the DC current drawn by the corona processes. Figure 2-1 is a reproduction of 
Banders data for a 0.5 mm dia hemispherical electrode separated from the plane 
electrode by a 4 cm gap. The constant current region at '1 j dfcn represents 
the Geiger plateau, this current due to the ions generated oy -.-a '.^rnal ionizing 
sources (radio-activity, cosmic rays, etc). As the voltage is increased, the 
free electrons start to acquire enough kinetic energy (due to the applied electric 
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Positive 0.5 mm Dia Point, 4 cm Gap 




FIGURE 2-1 CURRENT-VOLTAGE CHARACTERISTICS - POSITIVE 

POINT CORONA - AFTER BANDEL (REF. 4 ) c, 66.8320 

field) to ionize the gas. In this region the "burst pulse" phenomenon is observed. 

Bandel and others have conducted detailed studies of the burst pulses in order to 

gain insight into the physical processes occurring between the electrodes. Using 

oscilloscopes with increasing sweep rates, it has been found that the frequency 

or duration of the burst pulses increases as the applied voltage is raised. 

Bandel noted that a threshold for continuous discharge was somewhat difficult 

to define. He defined a "steady" corona as a discharge with a duration greater 

than 0.1 sec. It should be noted that the burst pulses emitted little, if any, 

visible radiation. Bandel indicated by the words "steady corona achieved" the 

point on the I-V curve at which ti'-e discharge is truly continuous and shows no 

pulse pattern on the oscilloscope. This threshold was observed to coincide 

roughly with the onset of visible light emission from the corona. 

Further increases in the applied voltage causes a glow discharge to arise 
near the pointed electrode. The glow grows brighter and spreads over the pointed 
electrode as the voltage increases. As the threshold for arc (spark) breakdown 
is approached, low frequency oscillations are observed in the current. Increasing 
voltages causes both the amplitude and frequency of these current oscillations 
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to increase. Simultaneously, the glow becomes brighter and begins to move towards 
the plane electrode. The glow begins to show a streamer structure, the so-called 
"prebreakdown" streamers. These streamers start at random spots on the pointed 
electrode and appear to end at random locations in the electrode gap. Eventually, 
a voltage is reached at which one of the streamers tenminates on the plane electrode. 
This causes the gap to breakdown into a spark discharge. 

In spite of the seeming complexity of these discharge processes, Nasser has 
pointed out that in reality there are only two fundamental modes of positive 
DC corona, the Intermittent streamer and the steady glow. There are two types 
of streamers, the intermittent streamers, which are called "burst pulses" by 
Bandel , and the "prebreakdown" streamers. Visible light emission is observed 
for the glows, the prebreakdown streamers and the sparks (at currents >10ya). 
Investigators, relying on visual observations, report that the onset streamers 
do not emit visible light. Using sensitive detectors, such as photomultiplier 
tubes, the visual threshold for light emission undoubtedly can be extended to 
currents lower than lOua. Thus, there should be a more or less precisely 
defined light emission threshold for each type of detector. This discussion is 
continued below in the section on Task 3. 

Bandel has described the I-V characteristics of negative DC corona in 
his 1951 paper. Figure 2-2 shows Bandel 's data for the 0.5 mm dia point with the 
4 cm gap, this time with the point negative with respect to the plate electrode. 
Bandel studied a combination of gamma ray and ultraviolet triggering in order to 
supply a quantity of free electrons to initiate the burst pulses. Without 
triggering, the discharge processes in both the Geiger and the burst pulse 
regions are very difficult to control and observe. With the negative point, 

a Geiger plateau is observed similar to that seen for the positive point. However, 
the negative point produces burst pulses with a regular frequency and amplitude, 
whereas these pulses for the positive point are random both in frequency and 
amplitude. These regular pulses, called Irichel pulses, continue to be observed 
as the voltage is increased until a new mode of corona, a steady glow on the 
cathode (point), is initiated. The glow corona persists until spark breakdown 
occurs. 

The comments on light emission for the positive point apply, in general, 
to che negative point-to-plane geometry. The Trichel pulses, like the pointed 
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Negative .5 mm Dia. Point 



FIGURE 2-2 CUR RENT- VOLT AGE CHARACTERISTICS - 
NEGATIVE POINT CORONA - AFTER BANDEL (REF. 4) 


anode burst pulses, emit visible light which can be measured by sensitive detectors. 
The negative glow discharge can be observed visually and appears blnsh to the eye. 
The principal differences between the two cases, arising from the rt ilarity of 
the Trichel pulses, has stimulated much research in an attempt to gain understanding 
of the fundamental processes of the negative point discharge. 

The work of Loeb, Nasser, Bandel , and others, while devoid of specific spectral 
intensity data required for this program, is valuable in selecting a design 
for the corona simulator. The extensive data already available on the I-V character- 
istics of the point-to-plane electrode geometry makes the selection of this geometry 
particularly attractive, since it eliminates the need for an extensive study of 
these characteristics in this program. Likewise, the experience gained from these 
studies in the operation of such corona simulators was found to be an invaluable 
guide in this program. 

2.2 TASK 2 - DESIGN OF A CALIBRATED SPECTRORADIOMETER . The principal purpose of 
this study, to determine the performance of candidate UV corona detection systems, 
can be achieved only by measuring the absolute spectral ultraviolet intensity of 
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corona processes. The term "absolute" means NBS-traceable measurements; that is, 
measurements obtained by means of a spectroradiometer which has been calibrated 
using NBS secondary standards of spectral radiance and/or spectral irradiance. 

The design of the spectroradiometer used in this study, and the procedures for 
obtaining an NBS-traceable calibration, are detailed in Section 3. 

One important aspect of the spectroradiometer design is the range of wave- 
lengths over which the instrument has to function. The ultraviolet spectral 
region is divided into two parts, the near ultraviolet extending from 190 nm to 
400 nm wavelength and the vacuum ultraviolet (VUV) ranging from approximately 
100 nm to 190 nm wavelength. The ambient atmosphere is transparent to the near 
UV; however, the vacuum ultraviolet wavelengths are strongly absorbed by atmospheric 

_3 

oxygen (hence, VUV spectrometers must be evacuated to pressures below 1 x 10 torr). 

The key issue, vis-a-vis the vacuum UV measurements, is the partial pressure 
of oxygen in the pressure-voltage regime in which the corona processes are expected 
to occur in actual thermal vacuum tests. Oxygen strongly absorbs vacuum UV radiation, 
a fact evident from Figure 2-3, which shows the spectral absorption coefficient 
for oxygen at room temperature and pressure (NTP). The transmission of a gas at 
pressure p (torr) and for a path length x (cm) is 

^x'p " exp(-Oppx) (2-1) 

where Op = absorption coefficient (torr \m~^). 
and px = optical thickness (torr-cm). 

To assess the effects of oxygen absorption at vacuum UV wavelengths, a path 
length of 300 cm was used +o typify the distance between corona source and UV 
detection in space chamber corona detection applications. As corona processes 
occur over a wide range of pressures, the data of Loeb' ' presented in Figure 2-4 
was used to establish a reasonable range of pressures over which corona processes 
are most likely to occur in space chamber situations. In Figure 2-4 the onset of 
corona in a point-to-plane electrode geometry is presented in terms of pressure- 
electrode separation (torr-cm) versus the electrode potential threshold. For 
space chamber work .potentials in the 0.5 to 5kv range are typical, implying that 
corona onset can be expected for the 20 to 400 torr-cm region. For a 0.1mm gap, 
the pressure range for corona onset will be 0.2^^2 torr. 
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FIGURE 2-4 THRESHOLD POTENTIALS FOR CORONA AND SPARK - 
POINT-TO-PLANE ELECTRODE 
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FIGURE 2-5 SPECTRAL TRANSMISSION OF OXYGEN 
FOR 300 cm PATH 


Figure 2-5 shows the spectral transmission, of a 3 meter thickness of 
oxygen at 0.2 torr, 2 torr, and 760 torr. Tj^ falls below 1% at 165 nm at 0.2 
torr and at 175 nm at 2 torr. At 760 torr Tx is singificant at wavelenghths 
longer than 190 nm, which represents the practical lower wavelength limit for spectro- 
scopy at atmospheric pressure. For wavelengths less than 190 nm the optical 
path of the spectrometer must be maintained at vacuum in order to conduct spectro- 
scopic measurements. 

These results show that only a small part of the vacuum UV spectral region 
(165-190 nm) is expected to be sufficiently transparent for possible use in corona 

detection. 

Therefore, in this study the spectral intensity measurements were concentrated 
in the spectral range 190 to 400 nm by employing conventional, atmospheric pressure 
spectroscopy rather than vacuum UV spectroscopy. Considerable savings in time and 
effort were realized since the atmospheric measurements are relatively easy to 

perform. 
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2.3 TASK 3 - UV SPECTRAL INTENSITY MEASUREMENTS . The next task in this study, 

viz. UV spectral intensity measurements of corona discharges, is detailed in 
Section 4. . Included in these measurements are both spectral intensity data 
produced by the spectroradiometer and the outputs of various type, of candidate 
UV corona detection systems. The latter measurements were combined with the 
spectroradiometer scans in the interest of economy in this program. Two considera- 
tions were addressed in the course of these measurements: First, to provide 

the required data on UV spectral intensity for corona processes, the corona simulator 
was operated over wide ranges of current and pressure in order to obtain data for a 
variety of corona discharge types (burst pulses, steady glow, prebreakdown streamers, 
etc.). Second, to study the threshold sensitivity of the breadboarded UV corona 
detection systems, the corona simulator was operated at conditions near the 
burst pulses-to-steady glow transition. 

2.4 TASK 4 - ANALYSIS OF UV CORONA DETECTION SYSTEM PERFORMANCE . Section 5 contains 
the system performance analysis of candidate UV corona detection systems. The 

UV spectral intensity data provides the basic input to this analysis, which 
encompasses both the breadboard systems tested in the previous task and conceptual 
systems not tested in this program. The latter analysis relies on 
manufacturer's data for the various components which comprise the conceptual 
systems. The principal result of this analysis was the determination of a range- 
intensity relationship for each candidate system, i.e. the minimum corona intensity 
which could be detected at a given separation between the corona discharge and the 
UV corona detection system. An additional extremely important consideration 
addressed in the analysis confirmed the effects of background light on the corona 
detection system. A practical system will be required to operate in the presence 
of light from tungsten filament lamps, quartz heater lamps, fluorescent lights 
and, possibly, a high fidelity solar simulator. These background light sources 
will impose a quasi-steady input to the UV corona detector system which possibly 
could completely obliterate the signal due to a weakly emitting corona discharge. 

These potentially serious effects are amenable to analysis, once the 
range-intensity relationship has been determined, since sufficient data are 
available on the spectral intensity characteristics of these background light 
sources. 
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3.0 EXPERIMENTAL APPROACH 

This section contains a description of the spectroradiometer system, 
the procedures required to obtain an NBS-traceable calibration and the data 
acquisition system used in this program. 

3.1 UV SPECTRORADIOMETER SYSTEM . The UV spectroradiometer is shown schemetically 
in Figure 3-1. This system was built around a Jarrell-Ash 0.5 meter grating 
spectrometer optimized for the 190-400 nm waveband. The 1180 line/mm grating 
provided 1.6 nm (=16A) per mm dispersion at the spectrometer exit slit. The 
entrance slit and the exits slit both were set at maximum (2 mm) during this 
program to maximize the throughput (light gathering capacity) of the spectrometer. 
Spectral resolution was traded for maximum throughput since the main purpose of 
the spectroradiometric measurements was to obtain spectral intensity daia from 
extremely weak corona emissions. 

The detector, an EMI Model 9558QC photomultiplier tube (PMT) with an S-20 
photocathode, was positoned at the spectrometer exit slit. The PMT operating 
voltages were provided by a Fluke Model 408B DC power supply (cf. Figure 3-2a). 

The 9558QC PMT was selected for its good quantum efficiency in the 190 nm to 
400 nm range, and for its high intrinsic overall gain due to the 11-staqe 
internal amplification. 

A plane flip mirror permitted light from either the standard lamp or the 
corona to be directed through the spectrometer entrance slit. Focussing optics 
were not used to image the lamp or the corona onto the entrance slit since it 
was required that the PMT detector view the entire corona discharge. Thus the 
corona, confined to the gap region between the electrodes, only partially filled 
the spectrometer field of view. The spectrometer viewed the corona through a 
Suprasil window (synthetic fused silica) mounted on the corona simulator 
vacuum chamber. 

A similar Suprasil window was positioned between the flip mirror and the 
standard lamp system to compensate for the effects of the vacuum chamber window. 
The standard lamp was a General Electric Model E-25 30A/3.5V tungsten strip 
lamp issued by the NBS as a secondary spectral radiance standard. A permanent 
optical transfer system, consisting of two 4 inch dia by 36 in.F.L. off-axis 
parabloidal mirrors, was used to form an image of the tungsten strip filament 
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FIGURE 3-1 UV SPECTRORADIOMETER SYSTEM - 

OPTICAL LAYOUT cko.h,,. 

on a precision circular aperture. The standard lamp was powered by a NJE 36V/50A 
DC power supply and the lamp current was set at 39.00 amps by use of a precision 
1 millivolt current shunt and a Data Technology Corp. Model 350 4-1/2 digit 
voltmeter. 

The two-mirror imaging system formed a convenient image of the strip lamp 
which permitted easy adjustment of the effective spectral radiance of the standard 
lamp by varying the size of the precision aperture. However, to use the lamp/ 
mirror system as a spectral radiance standard, a cross calibration with another 
NBS standard lamp is required to account for the effects of the two parabloidal 
mirrors. This calibration procedure is discussed in Section 3.2. 

Schematics of the data acquisition circuit and the corona simulator 
circuit are shown in Figures 3-2a and 3-2b, respectively. DC power to the 9558QC 
PMT was provided by a Fluke Model 408A DC Power Supply. The PMT anode current 
was measured by a Kin-Tel Model 203 Microvolt-Ammeter, operated on the current 
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FIGURE 3-2a UV SPECTRORADIOMETER DATA ACQUISITION SYSTEM 



FIGURE 3-2b CORONA SIMULATOR CIRCUIT 
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ranges. The Kin-Tel produced an amplified voltage at the RCCORDCR output 
oroportional to the PMT anode current. This signal was monitored by a Honeywell 
Electronik 19 strio chart recorder and was directed into the Aoplied Optics 
Laboratory Experimental Data Gathering and Reduction (EDGAR) System. Details 
of the EDGAR System are presented in Section 3.3. A computer interrupt switch 
allowed the oeprator to cue EDGAR at the start of a spectroradiometer scan. 

Another Kin-Tel Model 203 Microvolt-Ammeter was used to measure the current 
in the corona simulator circuit (Figure 3-2b). The power for the corona simulator 
was provided by a Fluke Model 408B DC Power Supply (0-6kV, 0-20ma). A 1 Meg 
load resistor was used in series with the corona simulator to limit the current 
drawn by the corona discharge. The load resistor reduced the sensitivity of 
the corona to changes in applied voltage and permitted stable operation of the 
corona simulator from the pre-onset burst pulse region to the spark breakdown 
threshold. The voltage drop across the load resistor (IlRl) was subtracted 
from the DC power '^i-'^'^ly voHage (Vg) to yield the voltage drop across the 
electrode gap (Vg). 

The corona simulator vacuum chamber is shown in Figure 3.3. The chamber 
was pumped via a 15 cfm rotary pump through a series molecular sieve trap and 
a LN 2 cold finger. Chamber pressure above 5 torr was monitored by a Wallace 
and Tiernan dial gauge (0-800 torr full scale, ±1 torr accuracy). Below 5 
torr, pressure was measured via a NRC Alphatron Gauge (±5% full scale accuracy). 
The pressure level in the corona simulator was established dynamical l y by 
balancing the flow of bleed gas through a Granville-Phillips micrometer valve 
and the pumping speed via a throttle valve In the line to the rotary pump. 

A view of the corona simulator through the glass top plate is shown in 
Figure 3-4. The plane electrode was a 6 in. diameter stainless steel plate with 

rods which, in turn, are carried by two linear motion vacuum passthrus. The 
pointed electrodes were also fabricated from stainless steel. The electrodes 
are supported by plexiglas rods. The electrode gap can be adjusted to 
±0.2 mm accuracy by means of a micrometer feed screw attached to the hemispherical 
electrode holder. The electrodes are electrically isolated from the vacuum 
chamber via the plexiglas supports and via high voltage vacuum feedthrus. 

Suprasil window #2 (cf. Figure 3-1) is visible in Figure 3-3 along with a 
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FIGURE 3-3 CORONA SIMULATOR VACUUM CHAMBER 



FIGURE 3-4 CORONA SIMULATOR - TOP VIEW 
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Honeywell UV gci> tube detector. The Honeywell detector .us used to monitor the 
UV corona emissions Tor most of the spectral data run*, .ince it is a candidate 
sensor for a pos'^nle UV corona detection system. candidate detectors 

were breadboarded and. positioned at various d^?t?/ ( < rom window '2 during 
several spectroradionietr*»‘ rurs to detennine ^ .,'.>nse to different corona 

simulator operating conditu.ns. 3y adjusti? '' reparation between the corona 
simulator and the detector breadboards, the ir, tens ity-di stance relationship 
for the detector systems could be determined. 


3.2 SPECTRORAD IOMETER CAL I BRATION . Due to the presence of the two paraboloidal 
transfer mirrors in the standard lamp system, it was necessary to establish the 
calibration of the complete lamp-mirror system by comparison with other NB5 
secondary lamp standards. Two cross-checks were used: a) comparison to another 

NBS secondary spectral radiance standard lamp without interferrinq transfer 
optics; and b) comparison to an NBS secondary standard of spectral irradiance. 
Method (a) was accomplished via the McDonnell Douglas Bureau of Standards using 
a Cary 14 spectrometer, and a 9558QC PMT to effect the transfer of calibration. 
The solid line of Figure 3-5 shows the calibration curve for the spectroradio- 
meter standard lamp system obtained by method (a). To check method (a) the UV 
spectroradiometer system itself was used to compare the spectral radiance lamp- 
mirror system to an NBS spectral irradiance standard (Serial No. 1325). 

The spectral irradiance at the UV spectroradiometer entrance slit due to the 
spectral irradiance standard lamp is given by 


where H (1) 


Spectral irradiance at the entrance slit (Wem”^ nm"^ ) 

spectral irradiance at 50 cm for the spectral irradiance standard 

(#1325) (Wem'^nm'^) 


Dj = standard distance * 50 cm 

D-| = 1 amp -to-en trance slit distance (cm). 

Similarly the spectral irradiance at the entrance slit due to the standard 
spectral radiance system with the paraboloidal mirrors is given by 


H^(R) = H^(l) • R 


(3-2) 


3-6 





spectral Radiance IW cm ^ sr 


UV CORONA DETECTION 
SENSOR STUDY 


FINAL REPORT 


MDO A4054 
MARCH 1976 



FIGURE 3-5 INTERCOMPARISON OF STANDARD LAMPS 

where H (R) = spectral irradiance at the entrance slit due to the standard 
spectral radiance system 

R * ratio of the PMT anode current for H^(l) and H^(R) 
(=V[H^(1)]/;[H^(R)] 

The spectral radiance of the lamp-mirror system can be calculated from 


Nj^(R) ^ 

= H,0<)/(A2Y) (3-3) 

where N, (R) * spectral radiance of the lamp-mirror system 

A O 

(W cm’^sr" nm ) , 

n = solid angle subtended by the precision aperture of the lamp-mirror 
system viewed from the spectrometer entrance slit, 

A 2 = area of the precision aperture (cf. Figure 3-1) (cm ). 

D 2 = distance from the entrance slit to the precision aperture (cm). 

The dashed curve in Figure 3-5 represents the results of applying Eq. ^3-3) 
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‘Trademark of Digital Equiprrent Corp. (DEC) 


FIGURE 3-6 EDGAR SYSTEM BLOCK DIAGRAM 

to the intercomparison data. Agreement between the two lamps is approximately 
±10% over the 250 to 400 nm waveband. Periodic checks were made during the 
course of the spectral data scans to detect any deviations between the two 
lamps. No significant out of tolerance (±10%) conditions were noted. 

2 1 

3.3 DATA ACQUISITION AND ANALYSIS . The spectral intensity (Wcm nm" ) of the 
corona simulator discharaes under a variety of operating conditions (voltage, 
gap length, pressure, gas species) comprises the principal output of the data 
acquisition and analysis procedures. The methods used for these procedures 
are detailed in this section. 

The EDGAR system enabled large quantities of spectral data to be accumulated 
and analyzed with minimum operator intervention. Figure 3-6 shows the key elements 
in the EDGAR system and the functional interrelations. The anode current signal 
from the PMT was connected to an equivalent voltage by the Kin-Tel ammeter and 
input to one of the 16 channels of the AR-11 scanning digital voltmeter (10 bit 
resolution). A computer interrupt switch allowed the operator to synchronize 
the EDGAR hardware and data acquisition software with the start of the spectrometer 
scan. The UV corona spectra were .tored on the magnetic disks in labeled files 
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TABLE 3-1 

- CALIBRATION DATA 

FOR SPECTRAL 

RADIANCE STANDARD LAMP 

Wavelength 

(microns) 

Spectral 

(W-CM-3 

Radi ance 
- SR-1) 

Radiance Equivalent 
Blackbody Temperature 
Kelvins (lPTS- 68 ) 

0.300 

1.292 

X 10^ 

2428 

0.325 

3.675 

X 10^ 

2418 

0.360 

1.182 

X 10^ 

2403 

0.400 

3.282 

X 10^ 

2385 

0.450 

8.222 

X 10^ 

2356 

0.500 

1.634 

X 10^ 

2328 

0.550 

2.671 

X 10^ 

2296 

0.600 

3.853 

X 10^ 

2264 

0.650 

5.096 

X 10^ 

2234 

0.700 

6.234 

X 10^ 

2201 

0.750 

6.968 

X 10^ 

2160 

0.800 

7.608 

X 10^ 

2123 

1.00 

1.059 

X 10 ^ 

2048 

1.20 

1.036 

X 10^ 

1954 

1.50 

7.690 

X 10^ 

1802 

1.75 

5.617 

X 10^ 

1687 

2.00 

3.941 

X 10^ 

1578 

2.35 

2.481 

X 10^ 

1451 

2.50 

2.040 

X 10^ 

1401 


The calibration data of Table 3-1 were approximated by a polynominal relating 
blackbody temperature T to wavelength X, 


T = + A2X + AjX^ + A^X^ (°K) 

where A^ = 2747.36 
A 2 = -2217.31 
A 3 = 5540.93 
A^ = -5658.01 


(3-4) 
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TABLE 3-2 - EXTRAPOLATED RADIANCE STANDARD CALIBRATION DATA 


Wavelength 

(nm) 


Radiance Equivalent 
Blackbody Temperature (°K) (1PTS-68) 


200 

2480.27 

225 

2464.53 

250 

2450.93 

275 

2438.96 

300 

2428.08 

325 

2417.77 

350 

2407.48 

375 

2396.69 

400 

2384.87 

425 

2371.49 


The data of Table 3-1, extrapolated down to x = 200 nm using equation (3-4), 
are shown in Table 3-2. The validity of this extrapolation was established 
using the NBS secondary spectral irradiance standard. Equation (3-4) and Planck' 
Equation were used to obtain values of the spectral radiance of the standard 
lamp-mirror system. 


N.(R) = 1.1909 X 10'^^ 1 (3-5) 

X - exp(1.4380/xT)-l 

A 

-3 -1 

where N (R) = standard lamp system spectral radiance (Wcm sr ) 

A 

X = wavelength (cm) 

T = temperature (°K) 

The next step in the calibration procedure is to determine the overall 
sensitivity of the UV spectroradiometer by measuring the transfer function, 

S, 


- OUTPUT ’a (3-6) 

^ " INPUT ■ 

where ^A * PMT anode current (ua) 

3-n 

MCDONNmt-L. AimcmJkmr 


Normalized PMT Gain 


UV CORONA DETECTION 
SENSOR STUDY 


FINAL REPORT 


MDC A4054 
MARCH 1976 



FIGURE 3-8 NORMALIZED PMT GAIN vs PMT VOLTAGE 

S = transfer function of the UV spectroradiometer 
(ya/Wcm‘^sr"') 

The transfer function, S, depends on the DC operating voltage of the PMT, which 
was set at -1200 volts for the calibration runs. At times during the corona 
test runs it was necessary to vary the PMT voltages to obtain optimum system 
gain for a given set of corona simulator operating conditions. The dependency 
of system gain on PMT voltage was determined in a separate set of data runs, 
the results of which are shown in Figure 3-8. The relative PMT anode current 
Vel“VMT^^^"^^^^^* plotted as a function of overall PMT voltage, in 
Figure 3-8, is independent of wavelength in the 200 nm to 400 nm waveband. 

Using the PMT factor ■*^el* effective transfer function for the UV spectro- 
radiometer can be defined as. 


S' = ^ (ua/Wcm"^sr”^ ) 

Vel 


(3-7) 


Thus, S' represents the transfer function for PMT voltage ''pMT not necessarily 
equal to -1200V. 
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TABLE 3-3 - IDENTIFICATION OF FORTRAN VARIABLES 


FORTRAN Corresponding Variable 

Variable Of Section 3-3 Meaning 


STD(I) 


Nj(R) 


Radiance of the standard lamp-mirror 
system (Wcm"3sr-1) 


PMTl 


Vpn.j Overall PMT voltage used for the corona 

scan in the 265 to 400 nm waveband (V) 


PMT2 

FACTl 


Vpwy Overall PMT voltage used for the corona 

scan in the 200 to 265 nm waveband (V) 

D Scaling factor for the spectroradiometer 

transfer function due to PMTl 


FACT2 


D Scaling factor for the spectroradiometer 

transfer function due to PMT2 


FSl 

FS2 

DAT(I) 


AREA 

CAL(I) 


N/A Full-scale microamp range of the Kin-Tel 

microammeter in the 265 to 400 nm waveband 
(ya) 

N/A Full-scale microamp range of the Kin-Tel 

microammeter in the 200 to 265ym waveband 
(ya) 

N/A Digital output of the AR-11 due to the 

PMT anode current, ^c, ranges from -2048 
to +2048. The currents FSl end FS2 produce 
a value DAT(I) = +2048. 

A Area of the precision aperture (cf. Figure 

3-1) (cm2) 

1(1200) PMT anode current due to the standard lamp- 

mirror system for Vpn^=-1200V(ua) . 


The spectral intensity of the corona discharge was calculated according 


to 


J = i„ • S' • 
X corona 

where 0 * spectral intensity (Wsr'^nm"^) 

A 


(3-3) 


A = area of the precision aperture (cf. Figure 3-1) (cm ) 

F = 10“^ - conversion factor from centimeters to nanometers. 

The FORTRAN computer code CORDAR (CORona DAta Reduction) used in this program 
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to generate the corona spectral intensity data is listed in Appendix A. To 
facilitate cross-reference between the analysis of this section and the FORTRAN 
variables used in the code, the identifications of Table 3-3 are used. 


The FORTRAN equivalent to Eq. (3-8) in the computer program for the 265 to 400 nm 

waveband is STD(I) 

INTENS(I)=DAT(I)*FS1)* ^LTTT*FACTT *AREA (3-9) 


The corresponding equation for the 200 to 265 nm is obtained by replacing FSl by FS2 
and FACTl by FACT2 in Eq (3-9). 

A complete tabulation of the raw data and processed results for a single spectro- 
radiometer scan is presented in Table 3-4. The data entitled "Calibration Data-Averaged" 
is the PMT anode current for the standard lamp-mirror system at Vpn(|y=-1200V (called 
CAL(I) in the FORTRAN program). Similarly the data entitled "Sensitivity" is the 
reciprocal of the spectroradiometer transfer function defined by Eq (3-7). Finally 
the "Corrected Corona Data" are the quantities calculated from the relations 


DAT(I)*FS1 and DAT(I)*FS2 . 

FACT! FACT2 “ 

The sheer volume of similar data operated for the several hundred spectroradiometer 
scans obtained in this study makes it impossible to include all of it in this 
report. For the purposes of the system analyses presented in the following sections, 
computer-generated plots of the spectral intensity of the corona discharge 
versus wavelength are presented in Section 4.1 as appropriate. However, tabular 
data such as that shown in Table 3-4 remain stored in magnetic disk files of 
the EDGAR system. 
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TABLE 3-4 - DATA ANALYSIS COMPUTER PROGRAM OUTPUT 
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4.0 UV CORONA EMISSION MEASUREMENTS. 

In this section the spectral intensity data are presented for corona 
discharge processes operating over a wide range of pressure, electrode gaps 
and voltage. Data are presented for corona discharges principally in air, 
since most coronas encountered in thermal vacuum testing are air corunas. 

Data obtained from a limited number of runs in helium are included, mainly to 
point out significant differences between these corona spectra and those obtained 
in air. The overwhelming majority of the corona spectra were measured for 
a positive point and negative plane electrode with applied DC voltages. No 
AC corona data were obtained due to scheduling constraints. A few spectral 
runs were made with reversed DC polarity to uncover any differences in these 
intensity spectra when compared to the positive-point corona data. The 304 
stainless steel electrodes were used for all spectral scans obtained in this 
study. The surface condition of the steel electrodes was monitored visually 
in the course of this study to insure that obvious surface damage did not occur. 
Similarly, operation of the corona simulator in the spark breakdown regime was avoided 
to minimize heating of the electrodes. The effects of electrode surface condi- 
tioning and of corona triggering via external sources such as UV photons or 
gamma radiation were not part of this study. 

In the next two sections, the data obtained from approximately fifty 
spectroradiometer scans are presented in a condensed format. Section 4.2 
concentrates on the spectral characteristics of corona discharges operating 
at the extremes of current, voltage, pressure, gap length and anode radius. 

Section 4.3 presents tabular and graphical condensations of the complete range 
of spectral intensity data. 


4.1 UV CORONA SPECTRAL INTENSITY PLOTS . The spectral features of the air 
corona intensity scans showed little significant variation due to changes in 
the operating parameters of the corona simulator. The relatively low spectral 
resolution due to the 2mm spectrometer entrance slit revealed a combined band 
structure due to overlapping oxygen and nitrogen emission spectra. However, 
as expected, the spectral intensity showed pronounced dependence on the corona 
simulator operating conditions. To eliminate needless repetition of spectral 
scans showing essentially the same band structure, a selected few corona 
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UP* CORONA DATA CORPLT 


LOAD RESISTOR > 1 NEC OHM 
PRESSURE - Z TORR 
ELECTRODE CAP -.2 CM 
POINT RADIUS - 2.5 MM 


POINT POSmi-'E 
CORONA I'OLTAGE » 450 I^OLTS 
CORONA CURRENT « 4 MICROAtIPS 
DATE OF test: 13^11-^75 



FIGURE 4-1 CORONA SPECTRAL INTENSITY - CURRENT - 4ftM 

Intensity spectra are Included In this section. These spectra were chosen 
to display the data obtained at the extremes of the operating conditions of the 
corona simulator used In this study. As such, these spectra typify those due 

both to threshold corona conditions prior to onset of the steady glow and to 
conditions Immediately prior to the formation of a spark discharge. 

Figures 4.1 and 4.2 show data taken at extremes of corona current, I.e. 

4ya and 375ya, respectively. The significant difference lies In the approximately 
factor of ten Increase In spectral Intensity due to the Increase In corona 
current. Intuitively, spectral Intensity Is expected to be strongly correlated 
with the current since the UV emission phenomenon arises mainly due to Ionization 
and excitation processes from electron-gas molecule collisions. Similarly, 
Increased UV photon emission results In photoionization processes In the gas, 
thus Increasing the current (electrons) In the corona discharge. The photo- 
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Ul^ CORONA DATA COFPLT 

LOAD RESISTOR « 1 MES OHM POINT POSITU'E 

PRESSURE - 2 TORR CORONA l^OLTAGE = 375 ^^OLTS 

ELECTRODE GAP - 0.2 CM CORONA CURRENT = 375 MICROAMPS 

POINT RADIUS - 2.5 MM DATE OF TEST: 20/11/75 



HAI»ELENGTM (NANOMETERS^ 

FIGURE 4-2 CORONA SPECTRAL INTENSITY - CURRENT 375i<a 

Ionization process Is enchanced by the presence of readily photoionized species, 
such as water vapor (which is certainly present in the bleed air admitted into 
the corona simulator). The corona of Run 28A (4wa current) was typical of an 
unsteady glow and required a slow spectroradiometer scan to smooth the fluctuations 
in the recorded spectrum due to the unsteady emission process. 

The spectra of Figures 4.3 and 4.4 show characterics due to extremes in 
electrode gap length, i.e. 2mm and 6mm, respectively. As the other parameters 
were held constant, the intensity in the 200-400nm waveband decreased as the gap 
length increased. The principal effect of the increased gap length is a reduction 
of the average electric field gradient in the space between the electrodes. 
Consequently, a slight, but as yet unanalyzed, dependency of spectral intensity 
on electric field gradient is indicated by the data of Figures 4.3 and 4.4. 

Other data, however, (cf. Runs 23C and 25D in Section 4.2) show almost no dependence 
of spectral intensity on gap length. The conclusion is that gap length has 
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W CORONR DRTR COFPLT 


LOAD RESISTOR ^ 1 MEG OHM 
PRESSURE * 2 TOFF 
ELECTRODE GAP » 0.2 CM 
POINT RADIUS * 0.5 MM 


POINT POSIT! l^'E 
CORONA l^OLTAGE = 400 l^OLTS 
CORONA CURRErn = 300 MICROAMPS 
DATE OF test: 11/11^75 



WA^'ELENGTH (NANOMETERS.) 


5.0E-Oe. 


4.0E-OC 


3.0E-0t 


2.0E-0C 


1 •0E-06 


0,0 


FIGURE 4^3 CORONA SPECTRAL INTENSITY - GAP - 2mm 


little influence on the magnitude of corona spectral intensity, at least for the 
range of gap lengths employed in this study. Gaps greater than 6mm in length 
were not employed in this study to insure that the corona glow remained completely 
within the spectrometer field of view. Likewise, the small range of gap lengths 
used in this study effectively confined the corona glow to the region between 
the electrodes. Such localized corona glows represent UV emitting sources which 
likely present severe challenges to all feasible corona detection systems. 
Similarly, gaps less than 2mm in length gave rise to corona glows which were 
difficult to control due to the tendency for the glow to change unexpectedly 
into a spark discharge. The strong UV emissions from the spark discharge are 
expected to be relatively easy to detect, and, as such, present no real challenge 
to most candidate corona detection systems. 
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LOAD RESISTOR - 1 HEC OHM 
PRESSURE = 2 TORE 
ELECTRODE GAP - 0.6 CM 
POINT RADIUS « 0.5 MM 


POINT POSITU'E 
CORONA I^OLTmGE = 40A I'OLTf. 
CORONA CURRENT = 300 MICROAMP 
DATE OF test: 5/11 -75 



HAI'ELENGTH (NANOMETERS! 

FIGURE 4-4 CORONA SPECTRAL INTENSITY - GAP 6mm 


Figures 4.5 and 4.6 show spectral intensity data due to extremes in pressure, 
2 torr and 20 torr, respectively. For these scans in which the corona current 
was 300ua, no significant difference in the intensity spectra was apparent. 

This behavior was generally observed throughout this program, viz, the intensity 
spectra at constant corona current was effectively independent of pressure in 
the 2 to 20 torr range. 

The effects of the anode electrode radius are indicated in Figures 4-7 
and 4-8 (radius equal to 0.5mm and 2.5mm, respectively). Again, for nearly 
constant corona current, the effect of anode radius on the intensity spectrum 
is minimal. 

The principal conclusion of this spectroradiometer data summary is that the 
spectral intensity of the UV corona emissions is most nearly correlated with 
corona current. 
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LORD RCSISTOK « 1 MEG OHM 
PRESSURE « 2 TORE 
ELECTRODE GRP « 0.2 CM 
POINT RRDIUS ■ 0.5 MM 


POINT POSITU’E 
CORONR l^OLTRGE * 420 t-'OLTi 
CORONR CURRENT «• !80 mCpni^Mp 
DRTE OF TEST: n-'U/75 
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FIGURE 4-B CORONA SPECTRAL INTENSITY - PRESSURE - 2 TORR 


5.0E“Ob 


4 . Ol>0fc 


3.CiE-0t. 


3.0E-0b 
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0.0 


INTEGR/it ED corona INTENSITY DATA . Since the candidate UV corona detection 
systems discussed In the following sections are designed with relatively large 
spectral bandwidths (-50 nm to lOOnm), the spectral intensity data were Integrated 
over selected wavebands to provide the required Input data for the system analyses. 
Integrated corona Intensity data are presented In this section for two wavebands, 
200 to 280 nm and 280 to 400 nm. The selection of x»280 nm was based primarily 
on the fact that the background light due to ordinary Incandescent and fluorescent 
sources effectively falls to zero at wavelengths shorter than 280 nm. This is 
due primarily to the transmission characteristics of the common soda lime 
glass envelopes found in these light sources. Consequently, for a UV corona 
detection system to function properly In an ordinarily lighted laboratory 
environment, the waveband should be limited to 200 to 280 nm by means of an optical 
band pass filter. 

Other sources of background light, such as quartz heating lamps and solar 
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Ul^ CORONA DATA CORFU 


LOA6 RESISTOR • 1 MEG OHM 
PRESSURE » 20 TORR 
ELECTRODE GAP « 0.2 CM 
POINT RADIUS « 0.5 MM 


POINT POSnil'E 
CORONA ^'OLTHGE « I’OLT; 

CORONA CURRENT • 186 MICROHM? 
DATE OF TEST: 1 2-' 11 '75 



1 .0E-OC 


S.OE-ur 


G.OE-07 


4.0E-CC 


2 .0E-O7 


0.0 


FIQURE 4-6 CORONA SPECTRAL INTENSITY - PRESSURE - 20 TORR 


simulator lights, will nenerate background light in the 200 to 280nm waveband. 

The effects of this background on UV corona detection systems are discussed in 
Section 5-2. 

Tables 4-1, 4-2, and 4-3 summarize the integrated intensity of corona glows 
for three anode radii, 0.5mm, 1.0mm and 2,5mm, respectively. Integrated intensity 
ranges from 5 x 10‘®Wnm*^ to lO’^Wnm"^ in the 200 to 280nm range or waveband for a 
span of corona currents from 4wa to approximately 800va. Over this current range 
the corona phenomena range from nonsteady burst pulse, to steady glows to incipent 
spark breakdown conditions. Similarly, the range of corona voltage, 370 to 1158V, 
encompassed by these data corresponds roughly to the ordinary range of voltages 
found on most test articles commonly submitted for thermal vacuum testing. 
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W CORONA DATA COFPLT 


LOAD RESISTOR > 1 nCG OHH 
PRESSURE - Z TORR 
ELECTRODE 6AP - 0.2 CM 
POINT RADIUS - 0.5 MM 


POINT POSITU'E 
CORONA ^'OLTAGE • 355 l^OLTS 
CORONA CURRENT • 405 MICROAMPi 
DATE or TEST: 11-1 1-75 



PIQURE 4-7 CORONA SPECTRAL INTENSITY - ELECTRODE RADIUS - 0.5mm 

The Integrated Intensity In the 280 to 400 nm waveband Is Included In these 
tables for comparison to corresponding values In the lower waveband. The 
former values range from 1-1/2 to 2 orders of magnitude greater than the latter 
values. 

Figures 4-9, 4-10 and 4-11 summarize the data of Tables 4-1 thru 4-3 for 
selected spectroradlometer runs. The solid curves are Isobaric current-voltage 
(I-V) data for p-2 torr and 20 torr. The bracketed data are Integrated Intensity data 
for the 200 to 280 nm waveband. Included In these figures are two dashed curves 
at constant electric power (IV) levels of lOmU and lOOmW. 

In terms of the present studly, these figures principally serve to establish 
a workable threshold for UV corona detection. For corona currents less than SOya, 
the Integrated UV Intensity falls below 10“\sr"^ This Intensity level was 
used as an effective threshold value for the detection systems evaluations In 
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UV CORONA DATA CORPLT 


LOAD RESISTOR - 1 NEC OHM 
PRESSURE - 2 TORR 
ELECTRODE SAP « 0.4 CM 
POINT RADIUS - 2.5 MM 


POINT POSITU'E 
CORONA kOLTA'SE « 370 I'OLTS 
CORONA CURRENT • 380 MICPOAMP;. 
DATE OF TEST: 18 11 75 
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HAmENGTH ^ NANOMETERS’ 

FIGURE 4-8 CORONA SPECTRAL INTENSITY - ELECTRODE RADIUS - 2.5mm 
the following section. 

4.3 ANALYSIS OF BREADBOARD SYSTEHS. Two types of systems evoluitlon procedures were 
applied to candidate UV corona detection systems. Several UV detectors were 
breadboarded and evaluated In the course of the spectroradlometer scans. 

Other systems were analyzed from manufacturer's specifications due to unavailability 
of detectors* mostly of the video type, for breadboard evaluation. The latter 
analyses are discussed In Section S-1. 

Table 4-4 sumnarlzes the performance of a Honeywell UV gas discharge 
detector positioned 30 cm from the corona simulator pointed electrode. The 
detector viewed the corona glow through Suprasll window 12 (cf. Figure 3-1). 

Using the Inverse square relation* the response of this detector for a 3 meter 
separation was computed. This distance Is roughly typical of corona-detector 
separations expected In thermal vacuum tests conducted In large space simulation 
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TABLE 4-2 - 
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l.Oim RADIUS 
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TABLE A -3 - 

POIHT EIECTRODB - 

RADIUS 2.5 B 


Run 

Preitur« 

(tcnr) 

Gnp 

Pblttt 

lyiua 

Coronn 

Voltaan 

Corona 

Current 

(280 

/200_^ 

{ yar '^ 

28A 

2 

2 

2*5 


4 

3.72 X 10*T 

26 b 

2 

2 

2.5 

380 

120 

8.32 X 10*'^ 

28 c 

2 

2 

2.5 

375 

225 

1.81 X lO"^ 

2 BD 

2 

2 

2.5 

375 

375 

8.35 X 10 "^ 

3 U 

20 

2 

2.5 

660 

60 

6.93 X 10*® 

3IB 

20 

2 

2.5 

575 

225 

7.44 X 10 *^ 

31c 

20 

2 

2.5 

510 

490 

3.60 X lO*® 

3ID 

20 

2 

2.5 

A70 

830 

1.88 X 10*5 

27 A 

2 

k 

2.5 

kie 

6.2 

6.14 X 10 *^ 

27 B 

2 

k 

2.5 

375 

175 

9.06 X 10 *”^ 

27c 

2 

k 

2.5 

370 

360 

3.87 X 10 *® 

2 ^ 

20 

k 

2.5 

STfk 

26 

8 . 6 i X 10 *^ 

26B 

20 

k 

2.5 

865 

135 

1.18 X Ifl"® 

26c 

20 

k 

2.5 

730 

370 

8.91 X 10 *® 

26D 

20 

k 

2.5 

650 

600 

5.19 X 10"® 

29 A 

2 

6 

2.5 

522 

10 

4.44 X 10*7 

29B 

2 

6 

2.5 

ii25 

125 

7.75 X 10'^ 

29c 

2 

6 

2.5 

395 

255 

1.15 X lO*® 

29 D 

2 

6 

2.5 

400 

500 

5.73 X lO*® 

3OA 

20 

6 

2.5 

1158 

17 

8.86 X 10*® 

30B 

20 

6 

2.5 

1060 

150 

1.76 X 10 *”^ 

30c 

20 

6 

2.5 

960 

340 

1.76 X 10 *® 

3OD 

20 

6 

2.5 

800 

700 

7.56 X 10*® 

32 A 

10 

6 

25 

600 

100 

4.08 X 10*7 

32B 

10 

6 

2.5 

7X6 

200 

3.77 X 10"® 

32c 

10 

6 

2.5 

546 

600 

1.80 X 10 *’ 

32D 

10 

6 

2.5 

53^ 

600 

1.54 X 10*5 

33A 

5 

6 

2.5 

671 

50 

4.87 X 10 *"^ 

33» 

5 

6 

2.5 

530 

200 

1.48 X 10”® 
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1.51 X 10*5 

3.32 X 10*5 
6.39 X 10*5 

9.19 X 10*5 

2.78 X 1 C*<' 
2 . 6 ? X 10*5 

I.IU X 10*** 

3.57 X 10 *^ 

2.06 X 10*5 
U.eo X 10*5 
1.01 X 10*5 

7.00 X 10 *^ 
I* .20 X 10*5 
1 . 3 k X 10*** 

2.36 X 10 '‘‘ 

2.19 X »*5 

3.58 X 10*5 

6.22 X 10*5 
1.90 X lO*** 

1.11 X 10"^ 

7.11 X 

6.eu X 10*5 

2.28 X 10*** 

1.19 X 10*5 
1.34 X 10 -** 
3.10 X lO"** 
3.57 X lO'** 

6.50 X 

4.37 X 10‘5 


i 
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24D* (5.86x 10®Wsr’)* 


-P = 20 Torr 


24C \ (2.79 X 10 ®Wsr '') 


(2.74 X 10 ®Wsr ’)f25D 


P = 2 Torr- 


I (1.95X 10‘®Wsr‘^) l25C 248# (1.66 x 10 ® W sr''') 


(7.82x 10’^ Wsr ’)V25A 


I \ '' \ 

(7.82x10’vK,'|125b\ (7.83 x lo’ V» sr 'l 


280 nm 
M ) = / W(X)dX 
200 nm 


• Point Electrode {+) 

• Radius 0.5 mm 

• Gap 2.0 mm 


IV = 100 mW 




-IV = 10 mW 
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31D*(1.28x10®Wsr'^)* 


280 nm 
•( )=/WIX)dX 
200 nm 


• P = 20 torr 


31C t (3.60X lO'^Wsr **) 


|(2.35x 10®Wsr‘^)*28D 


• Point Electrode (+) 

• Radius 2.5 mm 

• Gap 2.0 mm 


P = 2 torr- 


n.81 X 10 ®Wsr‘^)l 28 C^. 31B\ (7.44x 10 ' Wsr ') 




(8.32xlO‘^Wsr‘^)l 28B 


(3.72x10'^Wsr'^)- 





Ts. /— 'V 

V''— 

31a\(6.93x 10'^Wsr'M 


IV = 100 mw 


IV = 10 mw 


Corona Voltage (V) 


FIGURE 4-11 DATA SUMMARY FOR 2.6 mm RADIUS ELECTRODE. 
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chambers. The gas discharge detector is "solar-blind", i.e. it has no measureable 
response to light at wavelengths greater than 280 nm. Consequently, this detector 
can be operated without filtering in the presence of normal incandescent and 
fluorescent background lighting. 

Since detector response varies directly with corona source integrated 
intensity, the gas discharge detector will produce about 0.3 count/second at a 
range of 300 cm for 10 ^Wsr”^ integrated intensity, the design threshold intensity. 
The noise level, approximately one count/sec, entirely obscures this signal 

TABLE 4-4 - PERFORMANCE SUMMARY - 
HONEYWELL TYPE Ef^ 43I-0-ZA GAS b^SChARGt HT DETECTOR 


Run 

Integrated Intensity 
(200<x4280 nm) 

Counts/sec at 30 cm 
(measured) 

Counts/sec at 300 
(cal culated) 

19A 

3.59 X lO'Vsr 

no 

1.1 

19B 

6.32 X 10"^ 

235 

2.4 

19C 

2.46 X 10"® 

450 

4.5 

19D 

1.03 X 10"® 

653 

6.5 


due to the threshold corona. Consequently, to use this detector at 300 cm, 
auxiliary optics are required to increase the amount of UV light concentrated 
on the photocathode of the gas discharge detector. If a 7.5 cm dia. quartz lens is 
employed, the fractional increase in photocathode irradiance is approximately 
equal to = 45) where A|_ = area of the lens and ^pQ = photocathode 

area (Icm^). At 10“^W/sr intensity level, the detector output for 300 cm range 
with this lens is approximately (45) (0.3) » 13.5 counts/sec, which is well above 
the detector noise level. 

Silicon photodiode detectors are attractive candidates for UV corona detectoi 

systems since they are compact and require very low bias voltages (-30V). A 
UDT-500 ohotodiode with enhanced UV spectral response was breadboarded and 
installed near Suprasil window #2 at 50 cm from the corona simulator electrodes. 
Since the response of this detector is appreciable over the 200 to 1100 nm range, 
a blocking filter is required to reduce the sensitivity to background light at 
wavelengths longer than 280 nm. Table 4-5 shows typical data obtained for the 
UDT-500 detector for the 200 to 280 nm waveband. 
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The output voltage refers to the signal measured at the output of a current- 
to-voltage converting preamplifier (UDT Model 505) with transfer function 

where i^ = corona current (amp) 

Vout “ output voltage (volts) 

Figure 4-12, showing the output voltage produced by the UDT-500 UV detector during 
Run 30, indicates that a linear relation exists between corona current and 
detector output voltage. Since the response of this detector is a linear function 
of corona intensity, corona intensity is proportional to corona current for the 
conditions of this run. 

The noise level of this detector is composed of two principal components. 

A DC component, called "dark current", amounting to approximately 10"® amps, 
is present due to various charge leakage processes in the silicon wafer. The 
current-to-voltage converting preamplifier of the UDT-500 produces approximately 
0.5mV output due to dark current. This noise component changes with detector 
temperature and bias voltage level in a predictable manner and can be compensated 
to zero volts by using offset nulling techniques. Such methods are more or less 
successful depending on the precision obtainable in control of detector operating 
temperature and bias voltage fluctuations. In a laboratory environment, dark 
current compensation presents no real problem. However, in a space chamber, 
control of detector temperature can be a problem requiring special precautions to 
minimize fluctuations. 

The silicon photodiode detector also exhibits a random noise component due 
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FIGURE 4-12 UDT 500 UV SILICON PHOTODIODE 

OUTPUT vs CORONA CURRENT QP76-6183 16 

mainly to the Johnson noise typical of the detector internal resistance. The 
rms noise voltage due to photodiode resistance is dependent on the electrical 
bandwidth, Af, of the UDT-500 preamplifier. For a lOKHz bandwidth, V_ = 0.1 5mV 
at the preamp output, indicating a noise current ) = 1.5 x 10 

amp detector output. 

From Figure 4-12, the output from the UDT-500 UV detector/preamp at 10"^Wsr”^ 
and 50 cm range is 0.6 mV. Using tl^e inverse square relation, the expected 
output at 300 cm range is 0.6mV (|§q)^®17wV. This result indicates the need for 
auxiliary collection optics if detection at 300 cm is to be accomplished. The 
use of 3 in. dia. quartz optics provide a factor of 45 increase in the power 
incident on the UDT-500 UV detector (sensitive area = Icm^), yielding a preamp 
output voltage of (17iiV) 45 = 765yV. 
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5.0 ANALYSIS OF CANDIDATE UV CORONA DETECTION SYSTEMS 

The principal result of the experimental phase of this study was the 
measurement of -.pectral intensity for representative corona glows upon which to 
base realistic analyses of candidate UV corona detection systems. The data 
obtained for threshold corona indicated that one criterion required of a successful 
system is the capability to detect threshold corona emissions of 10"^Wsr'^ 
or lower for wavelengths from 200 to 280 nm at a minimum 300 cm range. The two 
breadboard systems previously discussed met this criterion; however both required 
auxiliary optics to insure detection of the threshold corona. 

In Section 5.1 video corona detection systems are considered. Due to 
program constraints, breadboarding of these systems was not possible, necessitating 
the analysis presented below. The principal reason for considering video 
systems is the desire to obtain directional information. The simple breadboard 
systems of Section 4 provide threshold corona detection capability, but are 
relatively useless for precisely locating the corona source. As such, U -se 
systems represent minimal solutions to the UV corona detection problem, with 
the advantages of simplicity and relatively low cost. 

Section 5.2 contains a discussion of the effects of background light 
sources on the performance of candidate UV corona detection systems. The limitations 
due to the presence of background light were alluded to in Section 2.4. These 
considerations are extended in Section 5.2 to establish *he magnitude of the 
background light interference expected for operating conditions typical of thermal 
vacuum testing and to assess the capabilities of candidate systems to operate 
satisfactorily in the presence of this background. Section 5.3 contains a selection 
of designs suitable for UV corona detection. 

5.1 VIDEO UV CORONA DETECTION SYSTEMS ANALYSIS . The initial step in this 
analysis involved a survey of available video systems which operate in the 200 
to 280 nm waveband. Recently RCA has developed a silicon i;arget vidicon (Model 
C23231) with enhanced response in the 200 to 400 nm waveband. Figure 5-1 shows 
data obtained by RCA and by Princeton Applied Research Corporation (PAR). This 
detector is developmental and currently is in the process of evaluation prior to 
production for consumer use. The spectral response (amp/watt) of this vidicon 
approximates that for the UDT-500 UV photodiode detector. The C23231 vidicon 
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FIGURE 5-1 RCA C23231 S-T VIDICON SPECTRAL SENSITIVITY o-,..,.34 

is electrically and mechanically identical to the RCA Model 4532 silicon target 
(S-T) vidicon, a production model which operates in the 300 to 1100 nm waveband. 

The silicon target is composed of a rectangular array of small individual photodiode 
detectors located on 10 micron centers. The sensitive area, or target, is 
approximately square with sides 11.3mm in length. Consequently, there are about 
12,800 individual photodiode detectors contained in the target area. Light 
photons incident on the photodiode array fonii charge pairs in the diodes. The 
target material, on which the diode array is deposited, is a thin silicon wafer. 

An electron beam scans the backside of the target area, much in the usual 
manner for a normal lead oxide or cesium oxide vidicon. Current flews into the 
preamplifier input in proportion to the photon -generated charge on the individual 
photodiodes. This current is transformed into an equivalent amplified voltage 
proportional to the target charge. Conventional video circuitry is utilized to 
produce a television raster representation of the target charge pattern and, 
hence, of the optical image focussed on the target. S-T vidicons like the RCA 
4532 family are pin-for-pin replacements for ordinary vidicon tubes found in 
T-V equipment. However, since the operating voltages are lower for the S-T 
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vidicon than for conventional vidicons, the self-induced corona problem Is less 
severe. 


To assess the threshold detection capabilities of the UOT-500 single 
silicon photodiode detector. It was sufficient to consider the effects of dark 
current and the random noise level per the discussion of Section 4.3. The corresponding 
analysis for the S-T vidicon requires additional considerations of spectral 
resolution and contrast since the purpose of the vidicon Is to provide a usable 
two-dimensional representation of the scene focussed on the target of the S-T 
vidicon. In addition, the electrical bandwidth of the vidicon system necessarily 
Is much larger than that of the single photodiode detector such as the UDT-500. 

This Implies that the effects of the photodiode random noise level Is signifi- 
cantly more severe for vidicons. 

S-T vidicons typically show DC dark current noise levels from 10"^ to 10"® 
amps, similar to that of a single silicon photodiode detector. Electronic methods 
for offsetting the effects of S-T vidicon dark current are more or less successful 
depending on the target array diode-to-dlode variation of dark current. As 
the target Is scanned by the electron beam, the dark current variations produce 
noise signals at video frequencies. Current manufacturing processes are capable 
of reducing the effects of dark current variations to less than ±5X of the average 
dark current level, I.e., to less than 10”^ amps. 


The RCA 4532 S-T vidicon typically shows an rms random noise level of 
approximately 5na (5MHz bandwidth) which effectively constitutes the threshold 
limit for light detection. The signal-to-nolse ratio (SNR) at the output of the 
S-T vidicon Is related to the corona Intensity, VI, and the distance (range), 
d, between the vidicon and the corona glow according to 
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SNR 


signal 
I f 
noise 




noise d 


(5-1) 


Signal ‘ 
^ noise » 


R » 
W « 


vidicon signal current (amps) 

rms vidicon noise level > 5na 
response of the vidicon (amps/watt) 

Integrated corona Intensity In the 200-280nm waveband 
(watts/sr) 
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FIGURE 5-2 S-T VIDICON SIGNAL TO NOISE RATIO 
VERSUS RANGE FOR THE THRESHOLD 
CORONA INTENSITY OR7*-aii3 3 

» area of the vidicon collection optics (cm^) 
d » vidicon-to'corona range (cm). 

2 

The quantity a » A /d is the solid angle subtended by the vidicon collection 
optics at range d. 

Figure 5-2 shows vidicon SNR versus range for several collection optics 
diameters. For unambigious detection of the corona glow, the SNR should be 
at least 1.5 or greater. The effects of the 5 MHz bandwidth of the S-T vidicon 
system are apparent: The threshold corona (10‘^Wn'^ integrated intensity) 
is impossible to detect at even 50 cm range using oversized 6 in. (15 cm) dia. 
collection optics. This system requires at least three orders of magnitude 
increase in the corona integrated intensity (-10*^Wn”^) for unambigious detection. 
Consequently, S-T vidicons such as the RCA C23231 are not sufficiently sensitive 
for use in a candidate UV corona detection system. 

It should be noted that the noise current is proportional to af, where af 
is the electrical bandwidth of the corona detection system. Consequently, if 
af is reduced from 5 MHz to IHz, typical of the single silicon photodiode detectives 
discussed in Section 4-3, the SNR data of Figure 5-2 will be scaled upwards by a 
factor (5 x10®)^/2 

>2236. Of course, a video corona detection system requires 
the wide 5 MHz bandwidth. 
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FIGURE S-3 SIT AND S-T VIDICON SPECTRAL RESPONSE • 

PAR DATA 


RCA has developed an Improved S-T vidicon detector for use In very low light 
level TV applications. These tubes, called silicon Intensified target (SIT) 
vidicons, have an Image-Intensifler front end with a fiber optic faceplate over 
the photocathode. Photoelectrons released by the action of light Incident on 
the photocathode are accelerated toward the silicon diode array target. The high 
energy photoelectrons produce large accumulations of charge on the Individual 
target photodiodes, which are scanned by an electron beam In a manner similar to 
the S-T vidicon. A large Increase In the Intrinsic sensitivity of the silicon 
vidicon Is obtained via the SIT design. Figure 5-3 shows comparative sensitivity 
data for S-T and SIT vidicons obtained by Or. 0. C. Baker of Princeton Applied 

Research (PAR) Corporation. Increases by two to three orders of magnitude In 
sensitivity are obtained via the SIT design. 

The spectral response of the RCA 4604 SIT vidicon in the 200 to 300nm 
waveband can be Increased by coating the fiber optic faceplate with a semi- 
transparent scintillator coating (dashed D-01 curve of Figure 5-3). With the 

3 

scintillator, the RCA 4804 vidicon Is approximately 10 tines greater In sensitivity 
than the RCA 23231 S-T vidicon In the 200 to 280nm waveband. This translates 

3 

Into a 10 Increase In the SNR data of Figure 5-2 for the SIT vid.con. Consequently, 
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a video UV corona detection system based on the RCA 4804 SIT vidicon will satisfy 
the criterion for detecting the threshold corona (10‘^Wn*^) at 300 cm range with 
3 In. dia. collection optics. 

The SIT vidicon has one significant drawback which militates against Its 
use In a candidate UV corona detection system. The accelerating voltac^s required 
by the Intensifler section of the SIT vidicon fall In the -2500 to -9000 volt 
range. Thus, self-induced corona discharges are possible In the SIT vidicon 
system during operation In space simulation chanibers. The most direct remedy Is 
to Install the SIT vidicon system In a heremetic enclosure which Is maintained 
at atmospheric pressure during chamber pun^idown. This "fix” causes some problems 
In panning the vidicon detection system due to the bulk of the hermetic enclosure 
which must be moved. 

The calculations leading to the results of Figure 5-2 rest on several tacit 
assumptions concerning the S-T and SIT vidicon system design. First, the trans- 
mission of the vidicon collection optics In the 200-280nm waveband was assumed 
to be unity. To approximate this performance, the real vidicon collection optics 
should be fabricated from high purity fused quartz rather than from the normal 
crown or flint glass typically used In conmerclal vidicon systems. In addition, 
anti -reflection coatings are required to maximize the transmission of the quartz 
optics In the 200-2SCnm waveband. 

To limit the spectral response of the silicon vidicon to wavelengths less 
than 280nm, a suitable bandpass filter should be Inserted Into the optical 
system between the quartz collection optics and the silicon vidicon target. The 
results of Figure 5-2 presuppose that tv) bandpass filter operates perfectly by 
reducing the response of the vidicon detection system to z*ro at wavelengths 
longer than 280nm. In this way the effects of strong background light at 
X^280nm are reduced. 

An approach to Ideal flU^* performance Is available via Interference filter 
technology. In the design of ban.ipass Interference filter, two somewhat competing 
considerations have to be balanced. First, the In-band transmission of the 
filter should be as high as possible to Insure that an unacceptable Insertion 
loss Is not introduced Into the system. Secondly, the out-of-band transmission 
should be sufficiently low to reduce the amount of stray light which passes 
through the filter. These considerations are especially important for a candidate 
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FOUR PERIOD ... (15 AhbW to 500 AhBW) 



BANDWIDTH 

REJECTION or % BANDWIDTH POINT or DENSITY 

= BANDWIDTH AS SHOWN 

10‘* or 

10% 

or (Dll 

= 1.1 - 1.25 X 50% B/W 

10’^ 

1% 

(D2) 

= 1.5 - 1.65 X 50% B/W 

10"^ 

.1% 

(D3) 

= 2.0 - 2.25 X 50% B/W 

10-1 

.01% 

(04) 

= 3.5 - 4.25 X 50% B/W 

10* 

.001% 

(05) 

= 9- 12x50% B/W 


FIGUf : 5-4 TRANSMISSION OF FOUR-PERIOD 

INTERFERENCE FILTER GP76O6103 7 


UV corona detection system since the corona intensity in the filter bandpass 
region (nominally 200-280nm for the ideal filter) is significantly lower then the 
background light at wavelengths longer than 280nm. 

Interference filters are constructed as layers or stacks of thin vacuum 
deposited films of proper thicknesses and refractive indices. Narrow bandpass 
filters (<10nm bandpass) can be simple "single period" filters which are made up 
of film stacks deposited on both sides of a suitaoiy flat and transparent 
substrate (e.g. fused silica for UV filters). For broadband filters (>10nm bandpass), 
rejection of out-of-band straylight is accomplished by the use of multi-period 
designs. Figure 5-4, taken from product literature of Spectro-Film, Incorporated, 
Winchester, Massachusetts, shows the performance of a four-period interference 
filter currently available as custom manufactured items. The use of this data 
can be illustrated by considering a four-period filter suitable for use in the 
UV corona detection system with the following characteristics: 
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° Center wavelength: 250nm 

° Half-peak bandwidth (HBW): 40niTi 
° In-band transmission: 20 percent 

From Figure 5-4b, the 40nm HBW specification implies that this transmission of 
this filter is 10% (50% x 20%) at x=230nm and x=270nm and that the filter pass- 
band is more or less rectangular in shape. The out-of-band transmission for this 
filter can be estimated using Figure 5-2b as follows: 


Wavelength 

290nm 

305nm 

320nm and up 


Transmission 

1 . 0 % 

0 . 1 % 

< 0 . 01 % 


It should be emphasized that this filter is typical of the present state-of-the-art 
in UV bandpass filter design and that the effectiveness of the filter in reducing 
the'^ftffects of background I ght requires an estimation of the typical background 
light levels in space simulation chambers. 


5.2 BACKGROUND LIGHT EFFECTS . The effects of background light on the candidate 

UV corona detection systems detailed in Section 5-1 are considered in the following 

paragraphs. The bandpass filters discussed in the previous section provides 

-4 

out-of-band rejection ratios of 10 or more for wavelengths longer than 320nm. 

Figure 5-5 shows the spectral irradiance levels due to the two principal sources 
of background light, quartz heating lamps and high fidelity solar UV simulators 
and the irradiance at range 300 cm due to the threshold corona (approximated 
by the spectral intensity data obtained for Run 30B, c.f. Figure 5-6). The 
irradiance shewn for the quartz heating lamp was estimated from the NBS calibration 
data for a IKW halogen lamp spectral irradiance secondary standard light source 
at 300 cm range. Likewise, the solar data was taken from the NASA-Goddard 
extra-terrestrial solar spectrum^^^. 

Both background sources effectively swamp the emission from the threshold 
corona in the 230 to 270nm passband of the interference filter discussed in 
Section 5-1 if the UV corona detection system views these light sources directly. 

A more typical situation arises when the background light is reflected into the 
UV corona detection system by the test article and the space chamber walls. 

Each such case has to be evaluated individually. However, due to the relatively 
high background light level from the quartz lamps and the solar simulator, it is 
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UI-' CORONA DATA RUN30B 


LORD RESISTOR = 1ME6 OHM 
PRESSURE * 20 TORR 
ELECTRODE GAP = 0.6 CM 
POINT RADIUS - 2.5 MM 


POINT POSITII'E 
CORONA l^OLTAGE = 1080 l''.'LT£. 
CORONA CURRENT ^ 150 MI C P' lhMF 
DATE OF TEST : 20 Ml 75 



FIGURE 5-6 SPECTRAL INTENSITY DATA RUN 30B 


t 


» 


I 




likely that the UV corona detector systems will be swamped by reflected background 
light as well as by directly incident background light. Consequently, the 
operation of the UV corona detection system will be limited to t « situations 
in which there is no background from quartz heating lamps and the olar simulator. 
This restriction may not be intolerable in the case of the solar simulator since 
most such systems can be "turned off" briefly by means of a shutter without the 
need to actually power down the solar simulator arc lamps. The case of the 
quartz heat lamps conceivably is more troublesome since these sources are 
used specifically to establish temperature levels on the test article. If 
these lamps are extinguished even for brief period to allow operation of the UV 
corona detection system, test article temperatures might change by unacceptable 
amounts. Here, again, each case has to be considered individually in order to 
estimate the effects both on the UV corona detection system and on the test 
article. 
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There remains one source of background light which might be tolerated by 
the UV corona detection system, yi^ that due to normal fluorescent and incandescent 
lightning. The low-grade glass envelopes typically found in these sources effectively 
reduce the emission to zero at wavelengths below x=300nm. Because of the wide 
variety of lightning conditions which are possible in a space simulator chamber, 

an estimation of the effects of this source of background light on the UV corona 

detection system is difficult to generalize. Figure 5-4, however, and the data 
for the interference filter design discussed in Section 5.1 provide a basis 
for determining the maximum tolerable background light irradiance level at wave- 
lengths greater than 300nm. The spectral irradiance at 300cm due to the 

13 2 1 

threshold corona amounts to approximately 10 Wcm” nm in the 230-270nm 

bandpass of the filter. The available out-of-band rejection of this filter is 
-4 

10 for wavelengths greater than x-320nm. Consequently, the maximum tolerable 

background light irradiance level at x^320nm is roughly 10"^\cm"^nm”\ (10^) = 

-9 -2 -1 

10 Wcm nm . This level is sufficiently small, when compared to the irradiance 
of the IKW halogen lamp at 50 cm range (cf. Figure 5-5), to cause serious concern 
that the performance of the UV corona detection system might be compromised even 
by normal fluorescent and incandescent lighting. 

5.3 SELECTION OF UV CORONA DETECTION SYSTEMS . The considerations of the 
previous sections provide a basis for selecting a number of concepts for a UV 
corona detection system. The performance trade-offs are summarized in this section. 

° "Solar-blind" Systems : Included are systems built around bcth the 

Honeywell gas discharge UV detector and various solar blind PMT's such as 
the EMI 6-26H215, which has a cesium telluride photocathode (cf. Figure 5-7). 
These systems have the advantage of compactness, relatively low cost, 
and some capability for operating in the presence of normal incandescent 
and fluorescent background light without the need for UV bandpass filters. 

The disadvantages include minimal directional information for locating 
the corona discharge and the necessity for hermetically enclosing these 
detectors to prevent the generation of self-induced corona in the UV 
corona detection system. The gas discharge UV detector requires several 
hundred volts bias, while the PMT requires 1 to 2kV for operation. 

One strong factor favoring the gas discharge UV detector arises from its 
demonstrated usefulness as a UV fire detector in the recent NASA Sky lab 
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FIGURE 5-7 SPECTRAL RESPONSE OF CESIUM TELLURIDE PHOTOCATHODE 
BEHIND MAGNESIUM FLUORIDE WINDOW 


mission. 


“ Silicon Photodiode Systems ; Suitable UV-enhanced silicon photodiode 
detectors are available from United Detector Technology (UTD) and EG&G 
Electro-Optics Division. The specifications of the UDT-500 detector and 
the EG&G HUV-40006 are suitable for the proposed UV corona detection 
system. Since these detectors require very low bias voltages (H5v), 
the self-induced corona problem is non-existent and hence, hermetic 
enclosures are unnecessary for operation in a space simulation vacuum 
chamber. In addition, extremely compact designs can be realized for 

UV corona detection systems built around these detectors. The principal 

drawbacks include limited directional capability for locating corona 
discharges and the necessity to employ high quality UV bandpass interference 
filters to reduce system sensitivity to normal incandescent and fluorescent 
background lighting. Breadboard models employing the UDT-500 detector 
sucessfully demonstrated in this study the capability to detect UV corona 
emissions near the nominal threshold operating conditions of the corona 
simulator. 
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° Silicon Vidicon Systems ; A suitable SIT vidicon/scintillator combination 
was identified in this study to enable video detection of UV corona 
emissions. The principal advantage of such a system derives from the 
directional capabilities of video systems, which permits the location of 
corona discharges. However, because of the high voltages required for 
operation of the SIT vidicon ('•lOkV), hermetic enclosures are required 
to eliminate self-induced corona problems. In addition, vidicon systems 
tend to be significantly more expensive than the simpler solar blind and 
silicon photodiode systems. As in the case of the silicon photodiodes, 
a bandpass UV interference filter is required to reduce the effects of 
background light. The capabilities of the SIT vidicon system for UV 
corona detection have been estimated from vendor specifications. Veri- 
fication of the actual performance to date has not been achieved by a 
breadboard UV corona detection system based on the SIT vidicon. 

This study has been successful in identifying three types of candidate UV 
corona detection systems which show high potential feasibility. Each system has 
one or more disadvantages which reduce its attractiveness. It is possible to 
rank these candidate systems in terms of the technological risks involved in each 
design. The solar blind gas discharge system presents the least developmental 
risk since existing designs have demonstrated the required UV corona detection 
capabilities. The silicon photodiode systems have risk factors similar to the 
gas discharge designs, due mainly to the fact that both types are extremely 
simple concepts, consisting of only a quartz lens and a detector. The SIT vidicon 
system represents a higher order developmental risk because of the Increased 
complexity (and cost) of video designs. 

In terms of unit cost, the silicon photodiode system is least expensive. 

The cost of the solar blind designs is higher due principally to the necessity 
for a hermetic enclosure. Likewise, the SIT vidicon design is the most expensive 
of the three candidate systems because of the need for a hermetic enclosure and 
because of the cost of the video electronics and the required TV monitors. 

The cost of developing "from scratch" the optical and electronics designs for a 

SIT vidicon system for UV corona detection is at least one order of magnitude 
more than the costs for the other two designs. The RCA Model TC1030 SIT CCTV 
camera is a compact unit specifically designed for very low light level appli- 
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cations. It appears feasible to adapt this existing SIT camera design for use 
as a UV corona detection system rather than starting from scratch on a completely 
new design. Specifically, the conventional glass lens in the TC1030 camera has 
to be replaced by a suitable quartz lens design. A UV bandpass interference 
filter should be incorporated into the optical system to reduce system sensitivity 
to background light. Finally, a suitable thin-film scintillator material has to 
be deposited on the input end of the fiber optic faceplate attached to the 
photocathode of the SIT vidicon. The scintillator is required since the fiber 
optic faceplace is fabricated from conventional glass (not quartz) fibers which 
have appreciable transmission only for wavelengths greater than 320nm. 

The current costs of the principal hardware items required to implement 
each of the three candidate systems are summarized in Table 5-1. Not included 
in this listing are the costs of display/alarm hardware required for the solar- 
blind and the silicon photodiode systems. Since there are numerous conceivable 
designs for the display/alarm hardware, the costs are difficult to generalize 
Similarly, the costs of assembling a new design, or in the case of the SIT 
vidicon system the costs of modifying an existing system, have to be included 
in an estimate of the total cost of the UV corona detection system. Cost estimates 
for each of the three candidate systems, based on current MCAIR labor rates and 
the hardware costs listed in Table 5-1, have been forwarded to NASA-JSC under 
separate cover. These estimates included the costs for six complete UV corona 
detection systems. 
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TABLE 5-1 - CANDIDATE UV CORONA DETECTION SYSTEMS - HARDWARE COSTS 


Solar Blind Systems 


0 

UV Gas Discharge Detector 

$ 

100 

0 

EMI G-26H215 PMT 

$ 

950 

o 

Quartz Lens (3" Dia. f/2) 

$ 

250 

Silicon 

0 

Photodiode Systems 

UDT-500 Photodiode/UDT-505 Preamplifier 

$ 

210 

0 

E6&G HUV-4000B 

$ 

125 

e 

Quartz Lens (3" Dia. f/2) 

$ 

250 

0 

UV Bandpass Interference Filter 

$ 

400 

SIT Vi dicon/Scintil later System 

RCA TCI 030 SIT CCTV System 

$4,300 

0 

CCTV Monitor (Single 9 Inch Unit) 

$ 

158 

o 

Quartz Lens Assembly 

$ 

800 

0 

UV Bandpass Interference Filter 

$ 

400 
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The principal aim of this program was identification of promising methoas 
for detecting corona discharge processes by means of the UV emissions produced 
by the corona glows. A systematic approach was used to measure the intensity 
characteristics of corona UV emission, to determine the response of several 
breadboarded candidate systems, to analyze the performance of other UV corona 
detection systems which could not be breadboarded due to programmatical constraints, 
and to estimate the costs for producing six copies of a UV corona detector 
system. The spectral intensity measurements accomplished in this study represent 
the most comprehensive absolute (NBS-traceable) U^ intensity data accumulated 
to date for corona glows. It is anticipated that these data will be useful in 
contexts other than the present one. 

Three types of candidate UV corona detection systems designs were successfully • 

identified in this study: sola- blind types, silicon photodiode types, and 

silicon-intensified-target (SIT) vidicon designs. For each type of system 
one or more commercially available designs were found which could be modified to 
function as a UV corona detection system. These include: the Honeywell design 
for the Skylab Solar-Blind Fire Detection System, modified to accept a quartz 
collection lens (7.5cm dia.); the E6&6 Model 500 Lite-Mike modified to accept 
a quartz lens, a blocking interference filter and a UV sensitive photodiode 
detector; and the RCA Model TC1030 SIT VidicDn Camera modified to accept a 
scintillator plate, a quartz collection lens and a blocking interference filter. 

These systems constitute the recommended starting points for development of the 
UV corona detection system. 

Background light from quartz heating lamps and high fidelity solar simulators 
was found to adversely affect the performance of all three designs. Consequently, 
suitable operational ground rules are recommended to reduce the interaction 
between the background light sources and the UV corona detection system. For i 

thermal vacuum testing in the 0.1 to 50 torr pressure range in which corona j 

processes are most likely, these ground rules may be troublesome, since the back- 
ground light will have to be controlled from the space simulation chamber if | 

the UV corona detection system is to function properly. I 

_'4 
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APPENDIX 


A listing of the data reduction FORTRAN Program is contained in this 
appendix. The program was developed in the Digital Equipment Corporation 
(DEC) RT-11 FORTRAN IV language for use with a POP 11/40 processor. 


A-1 



UV COROMA Df TfCTION 
SENSOR STUDY 


FINAL REPORT 


MOCA4064 
MARCH 1976 


FT-n 


0001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 
0008 
0010 
0011 
0012 

0013 

0014 


0015 

0016 

0017 

0018 

0019 

0020 


0021 

0022 

0023 

0024 

0025 
0826 


0027 


0028 

0029 

0030 

0031 

0032 
0I-.33 
01134 
0035 


FOFTFAN II' l^lB-08 HON 16-FEB-76 08: 14:30 PAGE 001 

C PILE "COSBAR FOR* 

C Ul^ CORONA DATA REDUCTION PROGRAH 

C 

C ITRSION 01B 30-OCT-’5 BAB. 

C 

REAL*4 DAT( 440), STD (440). CAL (440) 

FEAL=*'4 DATA 1 (220), DATA2 (220) 

REAL*4 SENS (440) 

REAL*4 PMTl^n5),PHTF(15) 

REALM ?OLV(4),CORPLT(2) 

REALM WAH(440), 1NTENS(440) 

LOGICAL'^ DAV( 10) , TIHO) , FlLEl (7) . F!LE2(7). FILE3(7) 
EOUil^ALEHCE (DATAl (1 ) , DATU) ) , (DATA2( 1) . DAT(221) ) 

COMMON FILE1,FILE2,FILE3 

DATA CORPLT/6RDK COR, GRPLTSAl'V 

DATA POLV/-5658 .01, 5540 .93.-2217.31. 2747.36/ 

DATA Cl , C2/ I . 1 909E- 12,1. 4380/ I CONSTANTS FOR MAX PLANCK 

DATA PMTIV30O..850.,900.,950.. 1000. . 1050. , 1 100. . 1150.. 

1 1200.. 1250.. 1300.. 1750., 1400., 1450., 1500./ 

DATA PMTF/0. 027, 0.048. 0.081. 0.129, 0.204, 0.315, 0.48. 0.70. 

1 1.00.1.42, 1.95.2.64.3.45.4.30.5.25/ 

C 

C PRINT HEADING, DATE AND TIME 

C 

CALL DATEfDAV) 

CALL TIME(TIM) 

DAV( 10) -.FALSE. 

TIM(9) -.FALSE. 

TVPE 201,DAV,TIM 

201 FORMAT('0 Ul-' CORONA DATA REDUCTION PROGRAM' .2X. 10A1.2X.9A1//) 

C 

C GENERATE THE WAITLENGTH TABLE 

C 

WAH(l) -400.0 
DO 10 1-2,220 

10 WAHn)-HAl,'E(I-l)-137. 5/220.0 

WAl^k • 22 1» -265.0 
DO 15 1-222,440 

15 HAl^(lJ-HAl^(I-l)-68.75/220.0 

C 

C READ IN CALIBRATION LAMP CURPT 

C 

CALL OPENF(CAL, 440. ' CALDAT' ) 

C 

C GENERATE STANDARD LAMP CURPT 

C 

DO 20 1-1.440 

XLAM-WAl^(I)*1.0E-3 

temP-XLAM*'POLV‘'1) 

DO 25 J-2.4 

25 TEMP-TEMP*;»aAM+POLV(J) 

XLAM-HAl^E(I)*1.0E-7 

T!-Cl/(XLHf'tx«5) 

20 STD< D -Tt/(EKP(C2/(XLAM*TEMP) )-l .0)*1 .0E-7 
C 

C INPUT DATA FILE NAMES FROM KEYBOARD 

C 
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FT- 11 

0636 

0037 

0038 

0039 

0040 

0041 
0642 

0043 

0044 

0045 

0046 

0047 

0048 
0050 

0052 

0053 

0054 

0055 

0056 

0057 

0058 

0059 

0060 
0061 
0062 

0063 

0064 

0065 

0066 
0067 
0069 

0071 

0072 

0073 

0074 

0075 

0076 

0077 

0078 

0079 

0080 
0081 
0082 

0083 

0084 


0085 

0086 

0087 

0088 


FOFTR8H lU' l^lB-0t IWl 16-FEB-76 08. • 14:30 PR6E 002 

TVPE 282 

202 FORMRK'S ENTER NAME OF FILE CONTAINING 400-265 Nfl DftTft:*) 

CALL GETSTR(5.FILE1,6,901) 

CALL OPENFCDATAl, 220, FILED 
TVPE 212 

212 FORMATC'S ENTER FULL SCALE MiCRW.X>LTS; ' ) 

ACCEPT 208. FSl 

32 TYPE 207 

207 FORMATr* ENTER ?m WLTAGE FOR THIS RUN:') 

ACCEPT 208,PMTl 

208 FORMAT (F20.0) 

DO 30 I«l, 15 

IF(PMT1.GT.PMTVCI)+0.5)GO TO 30 
1F(PMT1.LT.PMTP'(I)-0.5)GO TO 30 
FACTl-PMTF(l) 

GO TO 35 
30 CONTINUE 

TYPE 209,PMT1 

209 FORMAT('0 t**** PMT WOLTS -'.G10.4, ' INI^LID, TRY AGAIN.') 

GO TO 32 

35 TYPE 203 

203 FORMAT! '* ENTER NAME OF FILE CONTAINING 265-200 NM DATA:') 

CALL GETSTR(5,FILE2, 6,901) 

CALL OPENF(DATA2.220.F1LE2) 

TVPE 212 
ACCEPT 208, FS2 
42 TYPE 207 

ACCEPT 208,PMT2 
DO 40 I- 1 - 15 

IF<PMr2.GT.PMTV(I)+0.5)GO TO 40 
IF(PMT2.LT.PMTVf D-0.5)GO TO 40 
FACT2-PMTF(D 
GO TO 45 
40 CONTINUE 

TVPE 209,PM .. 

GO TO 42 

45 TVPE cit-FhvTv. :h<';-2 

211 FOFMAT!'0 1ST PKi' FACTOR •'.G10.4," 2ND PMT FACTOR -'.GIO.A/) 
TVPE 213 

213 FORMAT! 'i ENTER APERTURE AREA IN CITZ:*) 

ACCEPT 208- AREA 

DO 50 1-1,220 
DAT(1)-DAT!I)/FACT1*FS1 
DAT! 1+220) -DAT! 1+220) /FACT2+FS2 
50 CONTINUE 

C 

C COfWTE SENSITU^ITV, AND INTENSITY 

C UNITS: SENS— M MM'^-l SR-^-1 MICROAMP"'- 1 

C INTENS— W NM'^-1 SR"'- 1 

DO 60 1-1,440 

SENS ! 1 ) -STD ( 1 ) /C AL ! 1) +AREA 
1HTEHS!I)-DAT!I)*SENS!I) 

60 CONTINUE 

C 

C LIST ALL DATA ON LINE PRINTER 
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RT-n FORTFftH II^ 


l^01B-08 MON i6-FEB-76 08:14:30 PAGE 003 


C 

0089 

0090 206 

0091 

0092 204 

0093 

0094 205 


0095 

0096 220 

0097 

0098 210 
C 

C 

C 

0099 
0106 

0101 214 

0102 

0103 

0104 
0106 

0107 70 
C 
C 
C 

0108 
0109 


PRINT 206 

FORMAK' r ,20X, 'Ul^ CORONA DATA REDUCTION LISTING'//) 

PRINT 204.FILE1,FILE2 

FORMAT('0' , 10X, 'DATA FROM FILES: ',7A1,' 8- ',7A1//) 

PRINT 205 

FORMAT(6X, ' WAl-’ELENGTH' , 9X, ' STANDARD LAMP' , 5X, ' CALIBRATION' . 

1 8X, 'SENS ITIU’ITr" ,8X, 'CORRECTED' , 10X. ' CORONA' / 

2 28X, ' RAD lANCE' , 6X, ' DATh-Al/ERAGED' - 6X, ' ( WTTS/NM-SR' , 

3 5X, 'CORC».A DATA' ,8X, ' INTENSITY' /5X, ' (NANOMETERS)' .7X. 

4 ' (WATTS.-Ctr3-SR)' ,4X, ' (MICROAMPS)' .8X, 'PER MICROAMP) '. 5X. 

5 ' (MICROAMPS) ' , 6X, ' (WATTS/'NM-SR) ' /) 

PRINT 220, (WAkE(I),STD(I)-CAL(I),SENS(I),DAT(I)- INTENS(I). 

1 1 = 1,440) 

FORMATdX, 6G18.6) 

PRINT 210 
FORMAT(' r ) 

WRITE THE DATA ON DISK FOR PLOTTING 

CALL SENDFv «AWE, 440, ' WAD-ECR' ) 

TYPE 214 

FORMAT('0 h ;ER AN OUTPUT FILE NAME FOR THE REDUCED DATA'/ 

1 * (PtrAULT NAME - "CORPLT.DAT") : ') 

CALI. rETSTR(5,FILE3,6) 

CALL SCOMrC" .FILES, IFLAG) 

IF(IFLAG.HE.0)GO TO 70 
CALL SCOPV('CORPLT' ,FILE3) 

CALL SENDFdNTENS, 440, FILES) 

CHAIN TO PLOTTING PROGRAM ' CORPLT' 

CALL CHAIN(C0RPLT,FILE1, 11) 

END 
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